The action of acetylcholine on atrioventricular nodal fibers has been studied with the aid of intracellular microelectrodes. It has been found that during total atrioventricular dissociation no block of conduction occurs at the junction between the A-V node and the bundle of His or within fibers of the atrium. Failure of impulse transmission occurs in fibers in the atrial margin of the A-V node. The application of acetylcholine produces characteristic changes in the action potentials of fibers in the atrial margin of the A-V node: depolarization becomes slow, amplitude falls and notching and slurring appear in the upstrokes. These observations support the concept that transmission of excitation through the A-V node is deeremental and that the excitatory process in nodal fibers consists of more than one excitatory event.
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R ECENT studies employing intracellular recording have provided a new approach to the problem of the conduction of excitation through the atrioventricular node. 1 -2 It has been shown that fibers in the A-V node of the rabbit heart have transmembrane action potentials which typically are low in amplitude and slow in rate of depolarization. These fibers are found near the junction of the node with the atrium. The major part of total A-V delay is due to the slow transmission of excitation through these fibers. It has been suggested that this slow spread of excitation results from deeremental conduction. 2 The present paper reports results that were obtained by transmembrane recording from fibers of the A-V node during the action of acetylcholine. These results are of interest, in that they support the concept of deeremental conduction and suggest a possible anatomi- cal arrangement of fibers contributing to this phenomenon.
METHODS
The methods have recently been described in detail. 2 A preparation consisting of part of the right atrium and ventricle of the rabbit heart was employed. This preparation contained the sino-atrial node, the right atrium and interatrial septum, the A-V node, the upper part of the bundle of His and the upper interventricular septum. The tissue was mounted in a bath regulated by thermostat and perfused with oxygenated Tyrode's solution. Records were obtained from single cells by the use of intracellular glass capillary microeleetrodes filled with 3 M potassium chloride and mounted in conventional micromanipulators. Cathode followers, direct-current coupled amplifiers and a DuMont two-beam oscilloscope were used throughout the experiment. Acetylcholine chloride was added to the perfusate or directly to the bath in concentrations high enough to produce partial or complete atrioventricular dissociation. The approximate concentration ranged from 1 x 10"* to 1 x 10 -° molar.
RESULTS
Normal Records. Figure 1 shows transmembrane potentials recorded from several locations on the endocardial surface of the preparation. The action potentials of a single fiber in the S-A node ( fig. 1A ) are similar to those described by other workers 3 and show typical slow diastolic depolarization, low amplitude and slow rising phase. Records obtained from a single fiber of atrial muscle Near the atrial end of this structure ( fig. 1C ) the action potentials are low in amplitude and show a slow notched rising phase. They are somewhat similar to action potentials obtained from the S-A node, but they reveal less or no slow diastolic depolarization; also, the action potential of the A-Y nodal fiber is shorter in duration than that of the S-A node. In the middle and distal parts of the A-V node the action potentials change in shape and amplitude ( fig. ID and E) until, in the His bundle ( fig. IF ) the rapid upstroke and prominent plateau resemble those in peripheral Purkinje fibers. 4 Effects of Acetylcholine. The control records shown in figure 2A were obtained from a single nodal fiber (upper trace), and from a single fiber in the upper end of the bundle of His (lower trace). The addition of acetylcholine produced the A-V dissociation shown in figure 2B to D. Under the influence of acetylcholine the A-V nodal fiber shows, instead of normal action potentials, only small depolarizations which were observed to be synchronous with atrial activity and which decrease in amplitude from that shown in figure  2B to C. At this same time the record from the His bundle fiber shows the development of slow diastolic depolarization which is usually associated with pacemaker activity. The action potentials appearing in the His bundle fiber at this time show no major change in amplitude or configuration other than the appearance of diastolic depolarization, and are completely out of phase with atrial activity. Following each action potential in the His fiber the record from the nodal fiber shows an additional small depolarization (arrows) which appears between ( fig. 2B ) or superimposed on ( fig. 21) ) the depolarizations resulting from atrial activity. In figure 2E, a 2: 1 A-V rhythm has been re-established. At this time the action potentials of the His fiber are identical to the controls. The record from the nodal fiber, o:i the other hand, shows a regular alternation in the amplitude of depolarization with only the larger potential change apparently propagating to the His bundle. Figure 2F shows that normal A-V transmission has been restored.
Several aspects of the above records are of interest. In the first place, it is unlikely that the small depolarizations recorded from the nodal fiber during acetylcholine action represent electrotonie spread from some distant block. As can be seen from the records, neither the timing nor the shape of the potential changes following action potentials of the His bundle ( fig. 2B to Z>) are compatible with this interpretation. These small potential changes probably represent decrementally conducted activity that is unable to spread through the nodal fiber from either direction. Secondly, the alternation in shape and amplitude of the potential change recorded from the nodal fiber in figure 22 ? suggests that the larger and. presumably, propagated action potential results from the addition of a second depolarization to the smaller potential change. A similar convergence of excitation from two sources may account for the notched upstroke of the control. These same records also give some indication of the level of depolarization that may be attained, at different times during acetylcholine action, without the appearance of a full-sized action potential.
Records from a similar experiment help to clarify several of these points. Again, the control transmembrane potential of the nodal fiber is on the upper trace ( fig. 3/1 ). In this experiment it is probable that the location of the nodal microelectrode is somewhat different from that in the experiment illustrated by figure 2; whether it is slightly nearer to or more distant from the junction of atrium with node could not be determined. Nevertheless, the configuration of the action potential is similar, and notches on the rising phase are clearly seen.
After the addition of a smaller amount of acetylcholine than that used for the above experiment the nodal action potential again decreases in amplitude until ( fig. 3F ), a 2:1 block has occurred. More important, the notches on the rising phase become increasingly prominent and separate. In figure 3F , only two components are seen and in figure 3// only one. Two other aspects of these records should be emphasized. Firstly, the altered time relationship between depolarization of the nodal and His bundle fibers ( fig.  3D and F) shows that activity in the latter at times results from excitation traversing slightly different paths through the node. Secondly, the His bundle action potential in figure 3 -B, which results from activity of an infranodal pacemaker, elicits in turn a fullsized action potential from the nodal fiber. Moreover, the upstroke of this nodal response is free of notches or abrupt changes in rising velocity. The records in figure 37 and 3J show the return to normal activity after washout of acetylcholine. It is clear that the notched appearance of the nodal action potential in ./ is quite similar to that recorded under control conditions; the increased amplitude may result either from better impalement or from the action of acetylcholine.
DISCUSSION
One interpretation of notches on the rising phase of nodal action potentials 2 is that slurred and notched upstrokes result when a nodal fiber is excited by action potentials which traverse separate paths and arrive almost (but not quite) simultaneous]}' at the recording site. A conclusive proof of this postulate would require (a) anatomical identification of the separate pathways, (b) demonstration that excitation traversing only one or two pathways produced only limited depolarization of the nodal fiber and (c) demonstration that effective instantaneous excitation resulted in an action potential with a smooth CRAXEF.1ELD, IIOFFMAX, PAES DE CARVAIJIO upstroke. The records obtained during the action of acetylcholine seem to provide part of this evidence. The increased notching seen in figure 3B to D would be expected if the asynchrony of arrival of three impulses were increased by acetylcholine. The single small depolarization seen in figure 3F would result if excitation came from only one pathway. The record of figure 3E lends strongest support to this concept. His bundle escape has led to retrograde excitation of the nodal fiber. Thus excited, the nodal fiber develops an action potential of large amplitude. More important, even though the duration of the rise is greater than is normal the upstroke is free of notches.
It has been suggested that the slow spread of activity through fibers in part of the A-V node results from decremental conduction. 2 Records obtained from these fibers after the addition of acetylcholine seem to bear on this hypothesis. Small depolarizations ( fig. 2B to  D and fig. 3 ) have been recorded which are not the result of simple electrotonic spread. It is clear ( fig. 3E ) that the fibers under study have not been rendered completely inexcitable. Moreover, the similarity in the heights of the large, nonpropagated potentials in figure 2E and the notch on the rising phase of the control action potential in figure 2 A suggest the contrary, that some change in the stimulus is the cause of the altered response. Thus the records of acetylcholine action support the concept of decremental conduction in the A-V node. However, they do not demonstrate the reason for the increased decrement and block caused by this same agent. Additional studies are in progress in an attempt to supply this information.
In conclusion, it should be emphasized that slow conduction in the A-V node may result from a completely different mechanism. The records merely show that the excitatory process in nodal fibers under certain conditions consists of more than one event and that these events are separable in time. Although excitation arriving at a given point over several separate pathways provides a simple explanation of this observation, at least one other major possibility deserves serious consideration.
The chief problem is the exact nature of the slow spread of excitation through the node. This spread is so slow that it is difficult to explain unless it is assumed that the nodal fibers differ radically from the atrial fibers or from the fibers of the bundle of His. This difference may be found in the core conductor properties of the fibers or in their excitability. On the other hand, it is possible that eytoplasmic continuity is either impaired or absent at some point in the conduction pathway. Such an impaired or absent eytoplasmic continuity has never been anatomically shown. The only known basis for such an assumption would be the presence of intercalated discs. The increased intracellular resistance caused by such transverse barriers might become of greater importance in fibers which otherwise possess a low safety factor of conduction. It is conceivable that variable delay at such barriers along a single fiber could account for the asynchrony. Tn this connection the similar assumption made by Erlanger and Blair to explain similar action potentials recorded from single axons might be recalled. 5 
SUMMARY
The action of acetylcholine on transmission of excitation through the A-V node of the rabbit heart has been studied by means of intracellular recording. During total dissociation it is found that excitation reaches atrial fibers very near the node; also, there is no conduction block between fibers of the bundle of His and fibers of the A-V node adjacent to the bundle. Failure of impulse transmission is however, seen in fibers of the atrial margin of the A-V node. In those fibers acetylcholine acts by reducing the rate of rise of the action potential and by reducing its amplitude. Both these actions appear to be secondary to the fragmentation of the action potential into several asynchronous components. The upstroke of the action potential is thereby markedly notched. The results are believed to support the concept that transmission through the node is decremental.
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SlIMJIARIO IX IXTERLINGUA Le action que acetylcholina exerce con respeeto al transmission de stimulos a transverso le nodo atrioventricular in le corde del conilio esseva studiate per medio de registrationes intracellular. In le stato de dissociation total on trova que le excitation arriva in le nbras atrial multo presso al sito del nodo. In plus, il non existe un bloco de conduction inter le fibras del fasce de His e le fibras del nodo atrioventricular que se trova adjacente a ille fasce. Tamen, non-transmission de impulsos oeeurre in fibras del margine atrial del nodo atrioventricular. In tal fibras le action de acetylcholina consiste in relentar le augmento del potential de action e in reducer su amplitude. Ambe iste actiones es apparentemente secundari al fragmentation del potential de action in plure componentes asynchrone. Assi le bracio ascendente del potential de action es mareatemente indentate. Es opinate que le resultatos del presente studio supporta le these que le transmission a transverso le nodo es deeremental.
